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ABSTRACT
The rule-matching bias is a common error during conditional reasoning tasks, which refers to a tendency to match responses with the lexical context in the conditional rule and leads to incorrect responses. Conditional reasoning is one
of the higher-level cognitive abilities affected by many cognitive skills. We aimed to determine whether inhibition and
set-shifting skills with rule-matching bias occurrence could be related and, if so, to what quantitative, at a statistically
significant level. A total of 30 healthy university students aged 18 to 30 participated in this study. We used the Wason's
Selection Task (WST) to measure conditional reasoning and investigated their inhibition and set-shifting skills with
the Stroop and Wisconsin Card Sorting Test, respectively. Results showed a significant positive correlation between
the number of correct responses to the Stroop test and the Wason Selection Card Test (p=0.614). There was a positive
correlation between the number of correct responses to the Wisconsin Card Sorting Test and the Wason Selection
Card Test (p=0.423). Participants with higher inhibition and set-shifting abilities showed better performance in the
conditional reasoning test and lower rule-matching bias errors.
KEYWORDS: conditional reasoning, rule-matching bias, set-shifting, inhibition.

INTRODUCTION
Reasoning ability is central to human cognition [1]. Understanding social norms and rules, making scientific deductions
[2], and even many everyday life decisions like comparing two
routes to reach a single destination and choosing one are made
possible by reason [3]. Reasoning involves a multistep examination of the received information and drawing relationships
between them to provide a conclusion [4]. Reasoning comes in
many forms, including inductive and deductive reasoning [5]. In
inductive reasoning, a general conclusion is drawn based on examining specific information. Hence, inductive reasoning can be
considered a "bottom-up" process in which finding similarities
between propositions plays a key role, and there is no guarantee
that the conclusion is correct [4]. For example, every swan I have
seen so far has been white (specific information); this swan is also
white; therefore, all swans are white (general inference). Instead,
in deductive reasoning, specific conclusions are drawn based on
a general rule, and the correctness of the conclusion is guaranteed. Hence, deductive reasoning is considered a "top-down"

approach. For example, all human beings are mortal (a general
fact). Socrates is a human being. So, Socrates is mortal (particular
result) [6].
Conditional reasoning, known as "if... then..." is a kind of
deductive reasoning in which inferences and conclusions are
formed based on comparing pre-existing information with new
information. Understanding causation and predicting possible
outcomes is possible through conditional reasoning [7]. A set
of cognitive skills is needed in the conditional reasoning process
to create a valid logical conclusion and, ultimately, the correct
answer. Due to limited mental resources, the process of reasoning does not always go as it should, and sometimes reasoning
becomes erroneous [8]. For example, the logical inference is
sometimes erroneous due to the rule-matching bias that refers
to a tendency to adapt the responses to the lexical content presented in the conditional statements [9]. Rule-matching bias is
a vital phenomenon in conditional reasoning, which is almost
entirely dependent on implicit negation. If the participants are
satisfied with the familiar option as the correct response without
deduction, the conclusion would be considered invalid due to the
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rule-matching bias. Behind the expressions, there are logical conditions that their understanding requires receiving and processing information that is not explicitly stated. Therefore, biases will
occur even when participants have the analytical capability in
case of failure to obtain the relevant information [9].
In order to avoid the rule-matching bias occurrence, it is
necessary to update the information to enable focused processing
[10]. During the information update process, irrelevant information is actively removed and replaced with relevant information [11]. Therefore, cognitive skills such as attention, working
memory, and functional connectivity between them are crucial
[7]. Indeed, attention skills allow the conscious selection of information [12], and working memory enables information to be
retrieved, stored, and manipulated during the reasoning process
[13]. Furthermore, creating a connection between attention and
working memory requires cognitive flexibility [14], which refers to the ability to update behaviors in the face of a changing
environment [15].
Set-shifting is considered one of the internal mechanisms
of cognitive flexibility that enables individuals to change rapidly
from one criterion or rule to another [16]. Set-shifting makes
it possible to self-update, exchange, and store information in
working memory [17]. First, the individual needs to select the
related pieces of information – proper attention directing – [18],
which means that the reasoning process requires inhibition skills
to withhold unwanted responses and redirect attention to the
target information. Second, the information under review must
be updated via set-shifting skills because removing outdated information from working memory allows for replacing irrelevant
information with updated, relevant information [19]. Examining
the effect of cognitive flexibility on the decision-making process
in uncertain situations showed that people with higher cognitive
flexibility performed better in working memory, inference tasks,
and probabilistic learning tasks such as the Iowa gambling task,
which includes making decisions under uncertainty [20].
Conversely, people with less flexibility (for example, people
with obsessive-compulsive disorder) have a lower ability to reason correctly, which would result in an inability to appropriately
direct attention and inhibit irrelevant information or disruption
in updating information via set-shifting [21]. In addition, findings show that people with higher cognitive flexibility skills need
less time to learn rules and are faster in processing the meaning
of received feedback [22]. Thus, cognitive flexibility skill facilitates people's access to the right strategy to deal with the problem
ahead by providing optimal mental resources quickly.
Although several studies have examined the role of working
memory on conditioned reasoning performance [23–25], inhibition and set-shifting skills for making conditional inferences
based on difficulty level breakdown remain unclear. During conditional reasoning, when a conditional statement as "if p then
q" is presented, four conditional modes are expected [26]: 1) p,
therefore, q; 2) not-q therefore not-p; 3) not-p therefore not-q;
and 4) q, therefore, p. Participants were told that a total of four
cards (p, q, not-p, and not-q) are presented [27], and each card
has two sides; there is a number on one side and a letter on the
other. Participants were asked to select the minimum number of
cards to turn over to test the validity of the conditional statement.
In the first inference, "p, therefore, q", if the card with the symbol
"p" is turned over and the symbol "q" is on the reverse side, the
conditional statement is confirmed. If any symbol other than q
(=not-q) is on the reverse side, the conditional statement is disconfirmed. So, the card containing the symbol "p" is able to validate the conditional statement. In the second inference, "not-q,
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therefore, not-p", if the card with the symbol "not-q" is turned
over and the symbol "p" is on the reverse side, the conditional
statement is disconfirmed because it is against the conditional
rule which was presented at first. Whereas, if the symbol "not-p"
is on the reverse side, it would not confirm or disconfirm the
validity of the conditional statement because it has nothing to do
with the conditional statement rule. In the third inference, "not-p
therefore not-q", if the card with the symbol "not-p" is turned
over, regardless of whatever is on the reverse side of the card,
the conditional statement is neither confirmed nor disconfirmed;
because there is no specific explanation about this inference in
the conditional statement. So, the card with the symbol "not-p"
is not able to validate the conditional statement. In the fourth inference, "q therefore p", if the card with the symbol "q" is turned
over and the symbol "p" or "not-p" is on the reverse side, the
conditional statement is neither confirmed nor disconfirmed;
because the conditional statement is not bidirectional [18]. As
a result, the card containing the symbol "q" cannot validate the
conditional statement. So, the first two inferences are valid, and
the third and fourth inferences are invalid [28]. According to previous studies, it is not difficult for healthy people with natural
intelligence to understand the logic of the first and third inferences. Still, the logic behind the second and fourth inferences is
challenging to understand, so there is a potential for rule-matching bias when responding to them. In addition, studies show that
only 5 to 7 percent of very able participants can provide correct
responses and accurate explanations about the logic behind questions [3]. Given that conditional reasoning allows the conclusion
of a hypothesis in any field, including everyday issues and scientific issues [2], identifying the factors affecting it seems necessary.
This study aimed to investigate the relationship between
inhibition skills and set-shifting skills on the incidence of
rule-matching bias during performing conditional reasoning
tasks. Conditional reasoning, set-shifting skill, and inhibition skill
in participants were assessed using the letter and number versions
of the Wason Card Selection Test, the Wisconsin Card Sorting
Test, and the Stroop Test. A version consisting of the letters and
numbers of the Wason's Selection Card test was used to eliminate the effect of meaning, syntactic and content processing, and
the possibility of other biases such as belief bias. Based on the
findings showing that the work memory performance and attention types are interdependent, many cognitive skills are needed
to establish and maintain this relationship in the long run [29,
30]. This connection is established by the internal mechanisms
of cognitive flexibility skills, which provide a suitable platform
for thinking. Accordingly, in this study, we hypothesized that individuals with higher set-shifting and inhibition skills would select
relevant information and keep them present in working memory
to provide a valid response away from biases, even in the limited
time.

MATERIAL AND METHODS
Participants
Thirty-two students participated in the experiment. Data
from two participants were excluded from the study due to responding too quickly or misunderstanding the instructions. A total of 30 participants (17 women) aged 18 to 30 years (M=25.7,
SD=2.5) were included for further analysis. All were right-handed, had normal or correct-to-normal vision, had no MRI counter-indications, and were absorbed through advertising. Exclusion
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criteria included the history of illness (mental, neurological, and
medical), head injury, anesthesia, lactation, pregnancy, and alcohol or mixed budget. After training, all participants gave their
informed written consent and were paid to participate.

Procedure and assessment
This study was a cross-sectional study and part of an fMRI
(Functional Magnetic Resonance Imaging) study. In this study,
participants' behavioral data were explored and analyzed separately during the Wisconsin Card Sorting Test, Stroop Test, and
Wason Selection Test. Participants' general health was examined
and confirmed by a physician before the experiment. After signing
the consent form, participants completed a demographic information questionnaire. Participants were then trained separately
on how to complete the Wason's Selection Card and Stroop tests.
Participants underwent a training program with explanations of
the analytical knowledge involved in testing conditional expressions, followed by a personal training session on performing a
computer task. The participants practiced each of the five types
of Wason test symbol probes until their performance reached at
least 60% accuracy. The training program helped to minimize
the effect of individual differences. Participants were also taught
to use the answer box buttons to answer the Stroop test questions.
The Wason and Stroop tests were randomly assigned to participants on an MRI scanner, and it took approximately 22 minutes
for the participants to complete both tasks. The Wisconsin Card
Sorting Test was performed outside the MRI scanner.

Measures
Conditional reasoning
The standard version of Wason's Selection (WST) [31] for
fMRI was programmed using the Psych toolbox in Matlab software. Figure 1 shows the design of the Wason Selection Test. A
total of 9 conditional sentences (45 questions) were distributed in
two blocks, with the first block containing 25 and the second containing 20 experiments. Each conditional expression consisted of
four parts: 1) a general expression, 2) a conditional expression,
3) four substitute cards, and 4) a control condition containing an
irrelevant mathematical symbol such as "٪", which was entirely
irrelevant for the conditional proposition. To run the task inside
the scanner, control condition symbols that did not exist in the
original version were added to the standard version of Wason's
Selection. The general statement was the same for all exper-

iments and was displayed only once. The four alternate cards
consisted of two single-digit numbers and two non-compound
letters. So, each trial period started with a condition statement
followed by the alternative cards as p (letter E), q (number 4),
not-p (letter other than E such as G), not-q (number other than
four such as 7), and an irrelevant card was presented as a control.
Participants were asked to indicate which card could potentially
disconfirm the conditional statement. As previously explained,
only two cards containing "p" and "not-q" could disconfirm the
condition statement, so the "q", "not-p", and control card containing a mathematical symbol such as "٪" could not confirm the
condition statement.
As can be seen in Figure 1, each test period started with
a blank page for 200 milliseconds; immediately after presenting
the cue sign (+) for 600 milliseconds, a blank page was displayed
for 4000 milliseconds, and then the rule of logic (conditional
expression) was displayed for 3000 milliseconds and created the
relationship between the variables (for example, "if A then 7").
After presenting the conditional expression, a blank screen was
displayed at a random time interval of 3000–5000 milliseconds,
and immediately, the probe symbol was presented for 3000 milliseconds. In providing a probe symbol, each card contained either
a number or a letter (for example, one of five possible modes:
"p", "q", "not-p", "not-q") or a stimulus other than the alphabetical symbol (for example, "٪" was considered as a control). The
stimuli were predicted to be seen through a mirror on the coil in
the scanner. At the end of the stimulus presentation, two answer
options (i.e., "Yes" or "No") were displayed for 4000–6000 milliseconds, and participants were instructed to answer as quickly as
they could. To answer, participants had to choose "Yes" or "No",
depending on the card provided. For example, when the card
was presented with the letter "E" (=p), the correct answer was
"yes". Responses were recorded through two MR-compatible response boxes that worked with thumb pressure. Response "Yes"
was recorded by pressing the left thumb, and response "No" was
registered by pressing the right thumb.
Set-shifting
The Wisconsin Card Sorting Test (WCST) [32] was used
to measure participants' cognitive flexibility as an indicator of
set-shifting performance. Four cards incorporating three stimulus
parameters (color, shape, and number of objects) were presented
to the participants, and they were instructed to match a new card
to the "correct" old cards. Participants guessed which old card
matched the new card and got feedback, "correct" or "incorrect". The participants gradually learned the rule for "correct"
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screen
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Blank
screen

If A
then q

Blank
screen

Card

200 ms

800 ms

400 ms

3000 ms

3000–5000 ms

3000 ms

Respond

4000–6000 ms

Alternative cards (p, q, not-p and not-q)
Figure 1. Schedule presentation of the test pattern of the Wason Selection Card Test.
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responses. The criterion for "correct" old card kept changing
over the blocks of trials. In normal performance, participants can
learn to switch the criterion for a new block of trials. Set-shifting
skill is reflected by fewer errors. The WCST is not a time-limited test, but it approximately lasts 20–30 minutes and ends after
creating six categories or after the presentation of all 64 cards
is completed.

The SRT is the standard deviation of individuals' response
time, and SEP is the standard deviation of incorrect responses in a
study based on the results of all individuals in the study.
In normally distributed groups, the result was presented with
a mean and 95% confidence interval. We conducted a Pearson
correlation test between LISAS Wason's and LISAS Stroop and
a one-way ANOVA analysis of variance between LISAS Wason's
and Wisconsin. The LISAS Stroop and Wisconsin's performance
were considered indicators of inhibition and set-shifting skills, respectively. The level of significance was set as α=0.05.

Inhibition
The cognitive inhibition skill was examined using a color-word Stroop task [33]. In this task, participants were instructed to name the color that the word is printed in, while ignoring
the meaning of the word. In compatible conditions, the color
words were written with the same color ink (i.e., BLUE was written with the blue ink color) whereas, in incompatible conditions,
the color words were written with different color ink (i.e., BLUE
is written with the red ink color). Obviously, the incompatible
condition is harder as it needs self-control and inhibition. In the
present study, we used an event-related color-word Stroop task in
which four target color words (e.g., red, green, yellow, blue) were
presented in the compatible or incompatible trials. This task comprised two parts (36 trials) in which each trial was presented for
2000–3000 ms, and the blank screen was presented between trials for 2±1 s as the interval. Participants had to name the color of
ink that the word was printed in as soon as possible. Participants'
responses were submitted by pressing the buttons (i.e. green=left
thumb, blue=left index, red=right thumb, yellow=right index) of
two response boxes.

RESULTS
9 Ph.D., 13 masters, and 8 undergraduate university students
participated. The hypothesis of normality of the data based on
the Shaphiro Wilk test was not rejected at a significance level of
0.05; as a result, the data had a normal distribution. The results
of the descriptive statistics are shown in Table 1.
The reaction time (in seconds), the number of correct and
incorrect responses, plus the combined Lisas factor, were the variables measured for the Wason's Selection Card and Stroop tests.
In the Wisconsin Cards Test, the number of categories made
and incorrect responses, and perseveration errors were investigated. The confidence intervals of reaction times and correct
and false responses in Wason's and Stroop tests did not overlap.
The confidence interval of the number of categories made, false
response, and perseverate errors of the Wisconsin test did not
overlap, as well. The mean and standard deviation of correct
responses in Wason's test with 95% CI=[26.219, 27.921] was
M=26.57, SD=6.725. The mean score shows that more than
50% of Wason's test questions were answered correctly. The
mean and standard deviation of correct responses in Stroop test
with 95% CI=[27.881, 28.119] was M=28.330, SD=3.315. The
mean score shows that more than 65% of the Stroop test questions were answered correctly. The mean and standard deviation
of reaction time in Wason's test with 95% CI=[4.762, 4.772] was
M=4.767, SD=0.114 and in Stroop test with 95% CI=[1.414,
1.820] was M=1.617, SD=0.3. The mean and standard deviation of the number of categories made in the Wisconsin test with
95% CI=[3.908, 4.732] was M=4.370, SD=1.03. The mean indicates that the classification in the Wisconsin test is more than
60% correct. The descriptive statistics of Lisas of Wason's Selection Card Test and Stroop Test are shown in Table 2.
The combined index of LISAS was made for Wason's
test with M=4.91, SD=0.14, and for Stroop test with M=2.31,

Analysis strategy
Statistical analysis was performed using SPSS 22.0. For descriptive statistics, mean and standard deviation were used. We
conducted data analysis based on correct and incorrect answers,
and the missing responses were considered the inability to provide a response due to time constraints. So based on the purpose
of the present study, we did not include missing responses for
analysis. An approach called Linear integrated speed-accuracy
scores (LISAS) combined the proportion of errors and the reaction times into a single score which led to the study of the cognitive tasks in a more reliable and parsimonious way. The LISAS
score based on response time (RT) and incorrect response ratio
(EP) for the j person in the study was shown as follows:
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = RT𝑗𝑗 +

𝑆𝑆𝑅𝑅𝑅𝑅
× 𝐸𝐸𝐸𝐸𝑗𝑗
𝑆𝑆𝐸𝐸𝐸𝐸

Table 1. Descriptive statistics of Wisconsin, Wason, and Stroop tests.
Measures
Wason's Selection Card

Stroop

Wisconsin Card Sorting

Variables

Mean

SD

CI

RT

4.767

0.114

4.762, 4.772

CR

26.57

6.725

26.219, 27.921

FR

7.070

5.521

6.71, 7.43

RT

1.617

0.300

1.414, 1.820

CR

28.330

3.315

27.881, 28.119
7.302, 8.038

FR

7.670

3.152

Category number

4.370

1.033

3.908, 4.732

FR

9.830

4.778

9.121, 10.533

P

1.570

3.256

1.480, 1.980

RT – Reaction Time; CR – Correct Response; FR – False Response; p – perseverate errors; CI – Confidence Interval.
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Table 2. Descriptive statics of Lisas Wason and Lisas Stroop.
Measures

Mean

SD

LISAS Wason

4.91

0.14

LISAS Stroop

2.31

0.39

LISAS – a combined index to measure variance.

SD=0.39. According to the linear correlation conducted by the
Pearson correlation test shown in Table 3, LISAS Wason was
positively correlated with LISAS Stroop (r=0.614, p=0.036,
d=1.5 at a significant level of 0.05 and 95% CI=[0.339, 1.091])
with an increase in LISAS Wason resulting in a corresponding
increase in LISAS Stroop. As the error in the Stroop test increases, so does the error in the Wason test, and higher performance
levels on the Stroop test led to higher performance levels on the
Wason test. A positive correlation (r=0.423, p=0.045, d=0.9, at
the significant level of 0.05 and 95% CI=[0.075, 0.827]) was observed between the performance of the Wisconsin card sorting
test and the Wason's test. Participants with better performance
in the Wisconsin test showed better performance in Wason's
test. A marginally positive correlation r=0.249, p=0.051, d=0.5
was observed between Wisconsin test and Stroop test performance at a significant level of 0.05 and 95% CI=[-0.142, 0.61]
which did not reach statistical significance because of null trials. Based on Pearson correlational results, the participants with
more inhibition ability in the Stroop test and more set-shifting
ability in the Wisconsin test also performed more accurately on
the Wason's test.
Table 3. The correlation between Wason's Selection Card,
Wisconsin Card Sorting, and Stroop tests.
Measures

Variables

1

2

3

-

-

-

-

-

r

(1) LISAS
Wason

p-value

(2) LISAS
Stroop

r

0.614

p-value

0.036

CI

0.339–1.091

r

0.423

0.249

0.045

0.051

(3) Wisconsin

CI

p-value
CI

-

0.075–0.827 -0.142–0.61

r – Correlation; CI – confidence Interval; p-value<0.05.

DISCUSSION
In the current study, we examined the role of cognitive flexibility in order to learn how conditional reasoning relies on executive functions. In particular, the possible effect of set-shifting and
inhibition skills on reducing the incidence of rule-matching bias
during the conditional reasoning task was explored. We hypothesized that participants with higher inhibition and set-shifting
skills have better reasoning ability and are less likely to make mistakes. Our results showed that the participant's performance in
the Wason Selection Test was significantly related to the Stroop
Test and the Wisconsin Card Sorting Test. A positive correlation
was seen between the LISAS Wason and the LISAS Stroop in-

dexes. There was also a marginally positive correlation between
the LISAS Wason index and the level of performance in the
Wisconsin Card Sorting Test. The implications of these findings,
as well as the limitations and strengths, are discussed as follows.
Although there was a marginally positive correlation between the performance of Wisconsin and Stroop tests, we cannot
draw a strong conclusion because of the null results. A proper
possible explanation for the presence of this relationship is that
while performing the WSCT test, the inhibition skill is required
to shift from one sorting rule to another, like from color to shape.
Using the inhibition skill helps suppress the attention from the
previous rule and redirect to the new one [34]. Studying children's performance in the WSCT test revealed that the low-level
performance results from the late understanding of changes in
sorting rule and the lack of rapid shifting and switching ability [35]. Closer inspection of the WCST test structure reveals
that multiple additional cognitive processes, including category
formation, set maintenance, working memory, and especially
inhibition skill, are needed. So, even highly flexible individuals
may commit many errors by not redirecting their attention and
updating the wanted information in working memory [16, 34].
These findings revealed that the set-shifting and inhibition skills
are independent but still correlated with one another [36].
Based on the present study results, higher inhibition and
set-shifting skills reduce the incidence of rule-matching bias, leading to superior performance on logical analogy-based reasoning.
These results are consistent with a study in which, by examining
brain activity with the ERP method, it was determined that N2
activity was seen when responding correctly to the cards containing the symbol "not-q". The N2 is an endogenous event-related brain potential component related to inhibition and cognitive control that implies processing conflict information [18].
Therefore, answering these questions requires cognitive control
and proper use of mental resources. In particular, during Wason's
Selection Test, responding to the cards containing the symbols
"q" and "not-q" that examine the validity of the inferences
"q therefore p" and "not-q therefore not-p" respectively are more
challenging and prone to the occurrence of rule-matching biases
[37]. If the main components of the test are summarized, like
the Wason's Selection Test, there is a strong tendency to match
the content of the think with the obvious signs of the conditional
proposition [28]. There is a notable tendency to pay over-attention to positive symbols (the cards containing p and q) and select
them as the correct cards for testing the validity of conditional
statements, which hinders the process of correct reasoning while
performing Wason's Selection test [9, 38]. These findings support
the present study's hypothesis, which stated that understanding
the logic underlying the questions containing the symbol "q" is
challenging, leading to failure in preventing extreme attention to
the explicit sign in the conditional statements. In response to the
question of whether the card with the symbol "q" would validate
the conditional statement or not, participants who are trapped in
biases choose the answer "Yes", based on the presence of this sign
in the conditional statement, while the correct answer is "No".
Target information retrieval and updating in negative conditional statements (like not-q) compared to positive conditional
statements (like p and q) sound more complex, leading to cognitive conflicts [39]. Providing the correct response and dealing
with cognitive conflict strongly depend on examining the implicit
logic behind the question [26]. Considering two possible conditions and deciding by adapting them to the conditional inference
and meaning derived from the conditional statement is crucial
to correct responding [26, 40]. The present findings showed
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that participants with higher set-shifting skills are less likely to
be prone to the rule-matching bias, which means that they have
a higher ability to update relevant information in working memory. The set-shifting, a multifaceted skill responsible for keeping
task sets present in working memory [41], provides instant access
to all related information and makes it possible to devote more
attention to comparing them with the information presented in
the conditional statement [14]. The results are broadly in line
with the findings; using fMRI showed that when responding to
the not-q question modes, more stable and extended processing
is required than in other modes. A more comprehensive range
of brain activity is observed, which means that the card containing not-q has a significant load on the working memory capacity
[18], so correct responding requires strategy choosing and paying more sustained attention. It is particularly noteworthy that
choosing a strategy needs to integrate proper attention directing
and inhibition skills [41, 42]. Higher inhibition ability would help
participants structure their thinking [43, 44] and use the analogy-based strategy while doing reasoning tasks.
Previous studies showed that for practical reasoning without any biases, a large working memory capacity is needed to
suppress the heuristic reasoning strategy and replace it with the
analytical thinking strategy [23]. The heuristic reasoning strategy is based on behavioral economics and often leads to failure
in logical thinking. Consider this example: A participant is given
the conditional statement "if E then 4", which is equivalent to
"if p then q", then he/she is asked to respond whether the card
contains the number "7" that equals "not-q" can disconfirm the
conditional statement. Two modes may occur when the card is
turned over; one is when the letter "E" that equals the "p" is on
the reverse side of the card, or if a letter other than "E", like "G"
that equals the "not-p". If the card containing the number "7" is
turned over, and the letter "G" that equals the "not-p" is on the
reverse side, then nothing happens against the conditional statement rule. So, the conditional inference "not-p therefore not-q"
can test the validity of the conditional statement. Whereas, if the
card containing the number "7" is turned over and the letter "E"
that equals the "p" is on the reverse side, then it is against the conditional statement because based on the conditional statement
presented, it is expected that behind the card containing the letter "E", it is the number "4" and not the number "7"; otherwise,
the conditional statement is disconfirmed.
Based on the present results, the relationship between
set-shifting skill and conditional reasoning was less than the relationship between inhibition skill and conditional reasoning.
A possible explanation for this finding is two features of the
Wisconsin Test: 1) receiving feedback and 2) no response time
limitation. During the WCST test, if the participants respond
wrongly, they can correct the response by receiving feedback. In
comparison, there is no help to guide the way of thinking and no
opportunity to correct the responses in the Stroop Test. On the
other hand, the WCST has no response time limitation, whereas during the Stroop Test responding within the specified time
frame is required. It is important to note that responding in a
limited time may increase errors and performance deficits [45].
The participants' overall performance in the Wisconsin test was
relatively high, with perseverate error rate of almost zero and a
minimum of three categories made. The above description explains this level of performance.
The type of participant selection and the age range studied in this research made it possible to examine the maximum
mental potential away from any age-dependent cognitive impairments or structural and functional immaturity of the brain.
833

Identifying the cognitive mechanisms affecting conditional reasoning provides the knowledge of what basic cognitive skills
should be developed to improve high-level cognitive skills. By
using LISAS, we utilized a novel approach to integrate reaction
times and accuracy scores, which were subsequently used to
examine the variance. Using the WST version containing letters and numbers, we could eliminate the belief bias during the
conditional reasoning test. However, we believe that adding the
negation mode in addition to using the standard version reduces
responding with biases and requires more thinking deeply [46].
So, the version combined with standard and negation rules is
perfect for assessing the reasoning ability. Another limitation of
the present study was the lack of investigation of education's effect on understanding the conditional rule. We suggest using a
larger sample size and multifaceted cognitive batteries to assess
inhibition and set-shifting in future studies that can reduce the
effect of unique features of the tests and increase the validity of
the results. Also, if different conditional reasoning tests are used,
the effect of cognitive flexibility on conditional reasoning will be
determined more precisely.

CONCLUSION
To our knowledge, this is the first study that investigated
the effect of inhibition and set-shifting on the rule-matching
bias rate. In conclusion, we found evidence of the association
between inhibition skill, set-shifting skill, and conditional reasoning. This result showed that both inhibition and set-shifting skills
are essential for flexible thinking, updating target information,
and conditional reasoning. The interplay between inhibition and
set-shifting skills increases the logic-based reasoning ability and
decreases the rule-matching bias rate.

ACKNOWLEDGMENTS
Conflict of interest

The authors declare no conflict of interest.

Ethical considerations

None of the participants had any psychological or physical harm in this study. All participants could withdraw from the
study at all stages. Travel expenses and a sum were given to the
participants as a gift. The Ethics Committee of the Institute for
Cognitive Science Studies approved the study protocol (Code of
Ethics: IR.UT.IRIcff.Rec.1398.002).

Consent to participate

Written informed consent was obtained from all participants.

Funding

This study was partially funded by the Iranian National
Brain Mapping Laboratory.

Personal thanks

All participants and experts from the National Brain Mapping
Laboratory are appreciated.

Authorship

MK contributed to data collection. RK contributed to data
analysis and SFSH contributed to conceptualizing and writing
the original draft.

© 2022 JOURNAL of MEDICINE and LIFE. VOL: 15 ISSUE: 6 JUNE 2022

JOURNAL of MEDICINE and LIFE

REFERENCES

23.

1.

24.

2.

3.
4.
5.
6.
7.
8.
9.
10.

11.
12.

13.

14.
15.
16.
17.
18.

19.
20.
21.

22.

Rodriguez-Moreno D, Hirsch J. The dynamics of deductive reasoning:
An fMRI investigation. Neuropsychologia. 2009;47(4):949–61. doi.
org/10.1016/j.neuropsychologia.2008.08.030.
Reverberi C, Cherubini P, Frackowiak RSJ, Caltagirone C, et al. Conditional
and syllogistic deductive tasks dissociate functionally during premise
integration. Hum Brain Mapp. 2010;31(9):1430–45. doi: 10.1002/
hbm.20947.
De Neys W, Everaerts D. Developmental trends in everyday conditional
reasoning: The retrieval and inhibition interplay. J Exp Child Psychol.
2008;100(4):252–63. https://doi.org/10.1016/j.jecp.2008.03.003
Krawczyk DC. Introduction to Reasoning. In:Reasoning: The Neuroscience
of How We Think, 1st edition. Academic Press, 2018;1–11.
Krawczyk DC. The Neuroscience of Reasoning. Reasoning. 2018;41–69.
Krawczyk DC. Deduction and Induction. In:Reasoning: The Neuroscience
of How We Think, 1st edition. Academic Press, 2018;199–225.
Canessa N, Gorini A, Cappa SF, Piattelli-Palmarini M, Danna M, Fazio F, et
al. The effect of social content on deductive reasoning: An fMRI study. Hum
Brain Mapp. 2005;26(1):30–43. https://doi.org/10.1002/hbm.20114
Evans JSBT, Clibbens J, Rood B. Bias in Conditional Inference: Implications
for Mental Models and Mental Logic. Q J Exp Psychol Sect A. 1995;48(3):
644–70. https://doi.org/10.1080/14640749508401409
Evans JSBT. Matching bias in conditional reasoning: Do we understand it
after 25 years? Int J Phytoremediation. 1998;21(1):45–110. https://doi.
org/10.1080/135467898394247
Prado J, Der Henst JB Van, Noveck IA. Recomposing a fragmented literature:
How conditional and relational arguments engage different neural systems
for deductive reasoning. Neuroimage [Internet]. 2010;51(3):1213–21. doi:
10.1016/j.neuroimage.2010.03.026.
Ecker UKH, Oberauer K, Lewandowsky S. Working memory updating
involves item-specific removal. J Mem Lang. 2014;74:1–15. https://doi.
org/10.1016/j.jml.2014.03.006
Sadaghiani S, Scheeringa R, Lehongre K, Morillon B, et al. Intrinsic
connectivity networks, alpha oscillations, and tonic alertness: A simultaneous
electroencephalography/functional magnetic resonance imaging study. J
Neurosci. 2010;30(30):10243–50. doi: 10.1523/JNEUROSCI.1004-10.2010.
Desco M, Navas-Sanchez FJ, Sanchez-González J, Reig S, et al. Mathematically
gifted adolescents use more extensive and more bilateral areas of the frontoparietal network than controls during executive functioning and fluid
reasoning tasks. Neuroimage [Internet]. 2011;57(1):281–92. http://dx.doi.
org/10.1016/j.neuroimage.2011.03.063
Nweze T, Nwani W. Contributions of Working Memory and Inhibition
to Cognitive Flexibility in Nigerian Adolescents. Dev Neuropsychol.
2020;45(3):118–28. https://doi.org/10.1080/87565641.2020.1765169
Buttelmann F, Karbach J. Development and plasticity of cognitive flexibility
in early and middle childhood. Front Psychol. 2017;8(JUN):1–6. doi:
10.3389/fpsyg.2017.01040.
Lange F, Seer C, Kopp B. Cognitive flexibility in neurological disorders:
Cognitive components and event-related potentials. Neurosci Biobehav Rev
[Internet]. 2017;83:496–507. doi: 10.1016/j.neubiorev.2017.09.011.
Uddin LQ. Cognitive and behavioural flexibility: neural mechanisms and
clinical considerations. Nat Rev Neurosci [Internet]. 2021;22(3):167–79.
https://doi.org/10.1038/s41583-021-00428-w
Cutmore TRH, Halford GS, Wang Y, Ramm BJ, et al. Neural correlates
of deductive reasoning: An ERP study with the Wason Selection Task. Int
J Psychophysiol. 2015;98(3):381–8. https://doi.org/10.1016/j.ijpsycho.
2015.07.004
Evans JSBT, Stanovich KE. Dual-Process Theories of Higher Cognition:
Advancing the Debate. Perspect Psychol Sci. 2013;8(3):223–41. https://doi.
org/10.1177/1745691612460685
Dong X, Du X, Qi B. Conceptual knowledge influences decision making
differently in individuals with high or low cognitive flexibility: An ERP study.
PLoS One. 2016;11(8). https://doi.org/10.1371/journal.pone.0158875
Whitton AE, Henry JD, Grisham JR. Moral rigidity in obsessive-compulsive
disorder: Do abnormalities in inhibitory control, cognitive flexibility and
disgust play a role? J Behav Ther Exp Psychiatry. 2014;45(1):152–9. doi:
10.1016/j.jbtep.2013.10.001.
Feng X, Perceval GJ, Feng W, Feng C. High Cognitive Flexibility
Learners Perform Better in Probabilistic Rule Learning. Front Psychol.
2020;11(March):1–10. https://doi.org/10.3389/fpsyg.2020.00415

25.

26.

27.
28.
29.
30.
31.
32.
33.
34.

35.
36.
37.
38.
39.
40.

41.
42.
43.

44.
45.
46.

© 2022 JOURNAL of MEDICINE and LIFE. VOL: 15 ISSUE: 6 JUNE 2022

Stupple EJN, Ball LJ, Ellis D. Matching bias in syllogistic reasoning: Evidence
for a dual-process account from response times and confidence ratings. Think
Reason. 2013;19(1):54–77. doi: 10.1080/13546783.2012.735622.
Shipstead Z, Lindsey DRB, Marshall RL, Engle RW. The mechanisms
of working memory capacity: Primary memory, secondary memory,
and attention control. J Mem Lang. 2014;72(1):116–41. https://doi.
org/10.1016/j.jml.2014.01.004
Datsogianni A, Sodian B, Markovits H, Ufer S. Reasoning With
Conditionals About Everyday and Mathematical Concepts in Primary
School. Front Psychol. 2020;11(October):1–16. https://doi.org/10.3389/
fpsyg.2020.531640
Liu JM, Zhang M, Jou J, Wu X, et al. Neural bases of falsification in
conditional proposition testing: Evidence from an fMRI study. Int J
Psychophysiol [Internet]. 2012;85(2):249–56. https://doi.org/10.1016/j.
ijpsycho.2012.02.011
Ragni M, Kola I, N. Johnson-Laird P. The Wason selection task: A metaanalysis. Proc 32nd Annu Conf Cogn Sci Soc. 2017;(January):980–5.
Evans JSBT, Thompson VA, Over DE. Uncertain deduction and conditional
reasoning. 2015;6(April):1–12. https://doi.org/10.3389/fpsyg.2015.00398
Awh E, Vogel EK, Oh SH. Interactions between attention and
working memory. Neuroscience. 2006;139(1):201–8. doi: 10.1016/
j.neuroscience.2005.08.023.
Awh E, Jonides J. Overlapping mechanisms of attention and spatial working
memory. Trends Cogn Sci. 2001;5(3):119–26. doi: 10.1016/s1364-6613
(00)01593-x.
Wason PC. Reasoning about a Rule. Q J Exp Psychol [Internet]. 1968 Aug
1;20(3):273–81. https://doi.org/10.1080/14640746808400161
Hunsley J, Allan T. Psychometrics and Psychological Assessment. The
Cambridge Handbook of Clinical Assessment and Diagnosis. 2019;9–24.
Henik A, Tzelgov J. Is three greater than five: The relation between physical
and semantic size in comparison tasks. Mem Cognit. 1982;10(4):389–95. doi:
10.3758/bf03202431.
Figueroa IJ, Youmans RJ, Shaw TH. Cognitive flexibility and sustained
attention: See something, say something (even when it's not there). Proc
Hum Factors Ergon Soc. 2014;2014-Janua(October):954–8. https://doi.
org/10.1177/1541931214581200
Bialystok E, Martin MM. Attention and inhibition in bilingual children:
evidence from the dimensional change card sort task. Dev Sci. 2004;7 3:
325–39. doi: 10.1111/j.1467-7687.2004.00351.x.
Garon N, Bryson SE, Smith IM. Executive Function in Preschoolers: A
Review Using an Integrative Framework. Psychol Bull. 2008;134(1):31–60.
doi: 10.1037/0033-2909.134.1.31.
Oaksford M, Chater N. The probabilistic approach to human reasoning.
Trends Cogn Sci. 2001;5(8):349–57. doi: 10.1016/s1364-6613(00)01699-5.
Evans JSBT, Ball LJ. Do people reason on the Wason selection task? A new
look at the data of Ball et al. (2003). Q J Exp Psychol. 2010;63(3):434–41.
https://doi.org/10.1080/17470210903398147
Cai X, Li F, Wang Y, Jackson T, et al. Electrophysiological correlates of
hypothesis evaluation: Revealed with a modified Wason's selection task. Brain
Res. 2011;1408:17–26. doi: 10.1016/j.brainres.2011.06.056.
Cocchi L, Halford GS, Zalesky A, Harding IH, Ramm BJ, Cutmore T,
et al. Complexity in relational processing predicts changes in functional
brain network dynamics. Cereb Cortex. 2014;24(9):2283–96. https://doi.
org/10.1093/cercor/bht075
Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135–68. doi:
10.1146/annurev-psych-113011-143750.
Van Stockum CA, DeCaro MS. When working memory mechanisms
compete: Predicting cognitive flexibility versus mental set. Cognition.
2020;201(April). https://doi.org/10.1016/j.cognition.2020.104313
Janssen EM, Velinga B, Neys W De, Gog T Van. Acta Psychologica
Recognizing biased reasoning: Conflict detection during decisionmaking and decision-evaluation. 2021;217. https://doi.org/10.1016/
j.actpsy.2021.103322
Stupple EJN, Ball LJ. Belief-logic conflict resolution in syllogistic reasoning:
Inspection-time evidence for a parallel-process model. Think Reason.
2008;14(2):168–81. https://doi.org/10.1080/13546780701739782
De Boeck P, Jeon M. An overview of models for response times and processes
in cognitive tests. Front Psychol. 2019;10:102. https://doi.org/10.3389/
fpsyg.2019.00102
Evans JSBT. Reflections on reflection: the nature and function of type 2 processes
in dual-process theories of reasoning. Think Reason.2019;25(4):383–415.
https://doi.org/10.1080/13546783.2019.1623071

834

